Abstract. One-and two-color three pulse photon echo peak shift spectroscopy were used to determine that the electronic coupling between the accessory bacteriochlorophyll (B) and the bacteriopheophytin (H) in the reaction center of the purple photosynthetic bacterium Rb. Sphaeroides is ~170 cm"'.
Introduction
The reaction center (RC) of purple photosynthetic bacteria converts sunlight to chemical charge separation with a quantum yield near 100%. Six chromophores are involved ( Figure 1 ): two facing bacteriochlorophylls form the special pair (P); an accessory bacteriochlorophyll flanks P on each side (B^ and BB); adjacent to each B is a bacteriopheophytin (H^ and HB). [1] Energy transfer occurs from H to B to P, while electron transfer takes place from P towards HA. [2] Because the chromophores are in such close proximity, there is significant mixing between their electronic states, and this contributes to the speed and efficiency of energy and electron transfer in the RC, as well as to the distinctive Qj, absorption spectrum ( Figure 1) . [3] ¥ ^ TOO 750 600 850 900 950
Wavelength, nm We recently demonstrated that two-color three pulse photon echo r>eak .shift (2C3PEPS) provides direct experimental access to the strength of coupling in an excitonically coupled dimer. [4] The purpose of this s make a direct experimental measurement of the coupling between B an(
Experimental Methods
The reaction centers were purified, [5] and sodium ascorbate was added to prereduce Q^. Experiments were performed at 77 K. Tlie photon echo peak shift experiment is carried out as described previously. [6, 7] The laser pulses correspond to the B and H spectral bands at 800 and 760 nm (see Figure 1) .
In an excitonically coupled dimer, excited states of each monomer, with energies £" and Cj,, respectively, are mixed to form two new exciton states, | \i) and I v). The mixing angle 6 depends on the site energies and on the coupling, J:
Any nuclear motions associated with one of the monomers causes correlated fluctuation in both \\i) and |v). The 2C3PEPS signal is sensitive to this correlation. We carry out simulations to demonstrate this sensitivity using response functions weighted according to the population dynamics. [8] [9] [10] [11] The coupling coefficient describing the sensitivity of the peak shift to the mixing is:
(2)
Results and Discussion
One-and two-color photon echo peak shifts are shown in Figure 2 . IC peak shifts are less sensitive to the coupling than the 2C peak shifts, and the downhill peak shift is influenced by processes not included in our model. Thus, the 2C uphill peak shift is the best experiment to use to determine the coupling. [12, 13] Population Time (fs) Fig. 2 . One-and two-color photon echo peak shift of reaction centers. Population Time (fs) Fig. 3 . Two-color photon echo peak shift as a function of coupling coefficient.
Conclusions
Through IC and 2C3PEPS measurements, we determined that the B-H coupling is 170 cm"'. One question we would like to address in the future is the asymmetry in the reaction center, which results in electron transfer to H^ but not Hg. There are RC mutants which could be used to carry out these studies.
